though it is sometimes loosely applied to dysphagia resulting from the many other vascular anomalies which are now recognized. In 1899 Holzapfel collected 200 examples of anomalous right subclavian artery from dissection specimens, but these and similar aberrations were considered as little more than anatomical curios, disregarded in the field of practical medicine.
Congenital anomalies of the aortic arch and its branches produce recognizable effects largely through distortion of the oesophagus and trachea. Diagnosis could, therefore, hardly be expected to progress until radiology contributed its essential quota. The studies of Evans (1936) on the cesophagus, and of Fray (1936) and of Bedford and Parkinson (1936) on right-sided aorta, laid the foundations of radiological diagnosis, now advanced to a high degree of precision in the hands of such exponents as Neuhauser (1946) and other workers. Surgical treatment has advanced concurrently, through the skilful technical innovations of Gross (1947) and others, and the prospect of cure acts as a stimulus to still further progress in diagnosis. Nevertheless, the existence and significance of these anomalies are perhaps still insufficiently appreciated in practice.
CLINICAL MANIFESTATIONS In the large majority of cases vascular anomalies produce no recognizable effects. Where signs and symptoms do occur they are suggestive but not pathognomonic, since they are common also to other abnormalities. It is important to realize that the symptomatology varies with age, rather than with the exact type and site of the anomalous vessel. In infancy especially, both the trachea and cesophagus may be distorted, even though the anomalous vessel is in direct contact with only one of these structures. In later life the effects tend to be more lecalized.
Respiratory disturbances.-In infants respiratory disturbances usually predominate. Stridor is the commonest, and usually the sole manifestation, occurring soon after birth. It tends to be aggravated during feeding, and the infant may have to rest frequently while feeding in order to breathe. Often the head is held in the position of hyperextension, apparently to make breathing easier. Jnspiratory recession of the ribs and the suprasternal notch is sometimes very obvious. Chronic or recurrent cough may develop. The increased liability to respiratory infection, due partly to tracheal compression and partly to inhalation of regurgitated food, may lead to permanent lung damage or even prove fatal.
Te manifestations described are commonly attributed to "congenital laryngeal stridor", but a search for vascular anomalies is worth while whenever this diagnosis is considered. The diagnosis of "thymic enlargement" may also be made, a misdiagnosis which is all the more plausible because radiological widening of the upper mediastinal shadow, simulating an enlarged thymus, is seen with some vascular anomalies.
Alimentary disturbances.-Difficulties in swallowing are generally overshadowed by respiratory difficulties in early life, though later they may come to predominate, and occasionally they occur alone. There may be discomfort on swallowing, or, more frequently, slowness in feeding or refusal to take more than a small amount of food at a time. Irregular vomiting is not uncommon; occasionally vomiting is severe enough to impair nutrition and growth. Encroachment on the cesophagus must be quite marked to produce effects in the first few months of life, when the diet is exclusively liquid; in milder instances dysphagia or vomiting may therefore occur for the first time when the child is being weaned. Symptoms: stridor and attacks of bronchitis, severe vomiting and failure to gain weight. Operation not warranted because of eventual improvement. Radiograph shows bilateral compression of cesophagus containing barium; the trachea was slightly indented and displaced at the same level.
With growth of the trachea and aesophagus both the respiratory and alimentary symptoms tend to recede, and are, as a rule, completely lost by the age of a year or so. The danger of permanent lung damage, if not of death, from supervening infection during this period should, however, be stressed. DIAGNOSIS A [useful clue may sometimes be obtained by auscultation with a stethoscope; the site of maximal intensity of the stridor indicates the site of obstruction in the respiratory tract. In all cases, however, obstruction of the pharynx should be excluded by the usual methods, and radiological investigation, particularly fluoroscopy, is indispensable for diagnosis. In some instances the vessel itself (e.g. aorta) may be visualized on X-ray screening, or its transmitted pulsations may be observed; but, as a rule, the anomalous vessel is demcnstrated indirectly by observation of the oesophagus and trachea.
Screening while a barium mixture is being swallowed brings clearly into view any displacement or compression of the aesophagus. The commonest site is at the level of the third or fourth thoracic vertebra. Fig. 1 shows bilateral compression due to a vascular ring.
Alterations in the course or width of the trachea can be seen in good X-ray films, taken in the posteroanterior and lateral projections. The interpretation of such changes is dependent on a knowledge of the normal variants, which is still incomplete; a study of such variants is being carried out in collaboration with Dr. H. J. Johnson. In doubtful cases, the trachea may be outlined by the instillation of opaque material. Such tracheograms are simple to obtain; the procedure is relatively free from danger, and it is preferable to inspection through a bronchoscope.
In most cases the simple methods described suffice for a perfectly adequate demonstration. In selected cases angiograms give an excellent outline of the course of the vessels. Fig. 2 shows an anomalous right subclavian artery and fig. 3 an aberrant innominate artery demonstrated by this method.
TREATMENT Surgical correction of the anomaly is necessary in only a very small proportion of cases. It is certainly advisable if there is serious difficulty in breathing or swallowing, and further experience will show to what extent the danger of repeated pulmonary infection is an indication for operation.
Operative treatment can be relatively straightforward, and in suitable cases the effects are dramatic and complete. For details the description by Gross and Ware (1946, 1947) should be consulted. A vascular ring may be interrupted by ligating and cutting an unimportant segment, e.g. the narrower limb of a double aortic arch, or the ductus arteriosus (or ligamentum arteriosum) joining a right aortic arch to the pulmonary artery. The first part of an anomalous subclavian artery can be ligated and cut with impunity, because of the excellent anastomotic blood supply to the arm. In other cases, such as aberrant innominate artery, where it is inadvisable to cut off the blood supply, the offending vessel may instead be displaced and attached in some position where it no longer exerts pressure.
TYPES OF ANOMALIES
Though the possible anomalies are innumerable they fall into three main groups, according to the configuration of the aortic arch. The basic embryological pattern is the double aortic arch, from which right anL left arches are derived.
(1) Douible Aortic Arch.-This rare anomaly in Man reproduces the vascular pattern normally present in reptiles. The ascending aorta divides and, as a rule, the two limbs encompass both the trachea and cesophagus. If the vascular ring formed in this way is sufficiently small the resulting compression of these structures produces interference with respiration and swallowing. Part of one limb may be represented only by a vestigial cord, Probably passing between cesophagus and trachea. Symptoms: stridor decreasing since birth, repeated lung infection, dysphagia and vomiting while weaning. Angiogram A shows anomalous vessel crossing mid-line obliquely upwards and to right (no longer visible in second film B, taken one second later). Earlier investigation when symptoms were severe would probably have shown more marked defects; at 3 years the cesophagus appeared normal and the trachea showed a slight posterior indentation at the level of the anomalous subclavian artery. but more commonly both limbs remain patent. In such cases the anterior, or left limb is nearly always the smaller and less functionally significant of the two, a circumstance which is fortunate from the surgeon's point of view. The anomaly is readily diagnosable by demonstrating compression of the cesophagus and trachea; the trachea tends to be compressed from both sides, and the cesophagus posteriorly in addition.
In a series of 7 cases without operation, death occurred in each instance from pulmonary infection (Wolman, 1939) . Milder cases undoubtedly occur, with no functional interference or with spontaneous recovery, but in severe cases symptoms have been dramatically abolished by operation (Gross, 1947) .
(2) Right Aortic Arch.-This anomaly, which is relatively common, reproduces the normal vascular pattern seen in birds. Its occurrence with dextrocardia will not be discussed, since this association merely mirrors the normal, left-sided arch. In the absence of dextrocardia, the common variety of right aortic arch is the posterior type, where the aorta crosses the mid-line towards the left side by passing behind the aesophagus.
In the very small proportion of cases where interference with function occurs it does so through one of four mechanisms: by direct pressure of the aortic arch on the posterior wall of the cesophagus, especially if the vessel is dilated or thickened; by the formation of a vascular ring in conjunction with the pulmonary artery and ductus arteriosus (or ligamentum arteriosum); by direct pressure from a large aortic diverticulum; or by pressure of one of the large aortic branches as it crosses the mid-line (e.g. left common carotid artery). These variants may be recognized by their characteristic radiological features, for which reference should be made to the outstanding paper by Neuhauser (1946) . No symptoms: investigated because of cardiac murmur. Femoral pulses absent, blood-pressure in arms elevated, heart enlarged. Oblique radiograph with barium in cesophagus shows characteristic "double-C" impression, at an unusually early age.
(3) Left Aortic Arch.-In this, the normal mammalian pattern, disturbances may be produced either by abnormalities of the aorta itself or because of the anomalous origin of one of its main branches.
Abnormalities of the aorta: Surprising variations occur in the position of the left-sided aorta, even in healthy childhood; a study of these variations is being attempted at the present time. In the presence of certain congenital malformations, such as truncus arteriosus, compression of the oesophagus may be demonstrated radiologically, though it is doubtful whether it produces symptoms. In coarctation of the aorta a similar compression is recognized, and is illustrated in fig. 4 . This compression, best seen in the left oblique position, may be in the form of a double C. The upper curve is undoubtedly produced by dilatation of the aorta above the coarctation; the lower curve can sometimes be clearly separated from the impression produced by the left bronchus, and may be due to aortic dilatation below the coarcted area. Other features of coarctation are well known and will not be described.
Anomalous origin of main branches: A number of these fascinating anomalies is described in textbooks of anatomy (Gray's Anatomy, 1938), but only a few have been encountered clinically, if patent ductus arteriosus be excluded, as is done here. The literature on the clinical side of the subject is extremely recent, and is almost confined to anomalous subclavian artery.
A case of aberrant innominate artery has previously been described (Gross and Neuhauser, 1948) , and fig. 3 illustrates an additional case. It is interesting to note that in both instances respiratory disturbances were accompanied by vomiting, although the aberrant vessel was in direct contact only with the trachea. Congenital misplacement of a carotid artery may also produce symptoms, and this anomaly has been described in a few cases.
Anomalous right subclavian artery, on the contrary, is common; its incidence is said to be 16 in every 1,000 autopsies (Goldbloom, 1922 ). Fig. 2 shows an angiogram of this type of anomaly. In the majority of instances the aberrant vessel passes between the cesophagus and the vertebral column; in a few between the cesophagus and trachea; and rarely its course is anterior to the trachea.
Diagnosis is made by radiological examination of the trachea and cesophagus. Angiography is a luxury which will, however, reveal the anomaly even after the child has grown out of its symptoms (see Case It, fig. 2 ). The characteristic defect in the barium-filled cesophagus is a narrow indentation, passing obliquely upwards from left to right, at a level immediately above the aortic arch. Its situation on the anterior or posterior aspect of the cesophagus can readily be determined; the rarest type, with the vessel passing anterior to the trachea, has not so far been diagnosed during life.
In only a small proportion of cases do symptoms occur, and operation is rarely indicated. Where it is carried out it may afford immediate relief, with no residual disability.
SUMMARY
The clinical significance of anomalies of the aortic arch and its branches is becoming more widely appreciated. Such anomalies are not infrequent, but in the large proportion of cases no untoward effects arise. Where disturbances are produced, however, they may be liable to misinterpretation. In the respiratory tract the commonest are stridor and an increased liability to pulmonary infection. In the alimentary system, difficulties in swallowing and irregular vomiting may occur.
Diagnosis is almost exclusively radiological; the various methods are described, with some illustrative examples. Treatment, apart from chemotherapy of superimposed lung infections, is rarely indicated, because of the tendency to spontaneous recovery, but surgical correction may be life-saving.
A short account is given of various types of anomaly encountered in pmediatric practice.
